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Material and methods
The	 hospital-based	 case-control	 study	 of	 colorectal	 cancer	 was	 carried	 out	 between	
March	2000	and	May	2008	in	Krakow.	In	total,	623	incident	cases	of	colorectal	cancer	
from	the	First	Surgical	Clinic	of	the	University	Hospital	in	Krakow	were	enrolled	before	
undergoing	elective	surgery.	Out	of	them,	for	592	patients	(95.0%)	histopathological	ex-
amination confirmed primary colorectal cancer. During the same time period we recruit-
ed	765	controls	from	amongst	patients	with	no	history	of	cancer	from	the	same	ward.	
Trained	interviewers	used	a	standardized	questionnaire	to	interview	both	the	cases	
and	controls.	The	section	of	the	questionnaire	on	lifestyle	included	information	on	socio-
demographic	characteristics,	 such	as	education	and	occupation,	 lifetime	smoking	and	
alcohol	drinking	habits,	occupational	and	leisure	activity	and	personal	medical	history.
An	interviewer-administered	food-frequency	questionnaire	(FFQ)	combined	with	an	
assessment	of	quantity	of	foods	eaten	was	used	to	assess	the	usual	dietary	pattern	for	
148	beverage	and	food	items.	For	each	food	or	beverage	item,	a	commonly	used	unit	or	
portion size was specified, and participants were asked how often, on average, they con-
sumed	that	amount	of	each	food	during	one	year.	The	dietary	part	of	the	questionnaire	
included	detailed	information	on	dietary	habits	relating	to	the	following	food	groups:	ce-
reals, milk, bread, fat used for bread, processed meats and fish, milk products and eggs, 
fresh	fruits	(summer/autumn),	fresh	fruits	(winter/spring),	meats	(beef,	pork,	chicken),	
kind	of	fat	used	for	baking	and	frying,	salads	and	fresh	and	cooked	vegetables,	potatoes	
(mashed/baked),	rice	or	pasta,	soups,	sweets,	baked	goods,	alcoholic	and	non-alcoholic	
drinks.
A computer program was used to calculate the nutrient content of the specified portion, 
using	composition	values	from	the	Polish	Institute	of	Nutrition.	The	data	on	frequency	
and	amount	of	various	alcohol	beverages	were	used	to	calculate	the	total	consumption	
of	pure	alcohol	in	grams	per	day.	The	dietary	interview	focused	on	the	reference	period	
that was defined as one year prior to five years before diagnosis for cases or prior to the 
corresponding	date	of	hospital	admission	for	the	controls.
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To	avoid	unreliable	data	on	energy	and	nutrient	intake	we	have	decided	to	truncate	
1%	of	 highest	 and	 1%	of	 lowest	 observations	 of	 energy	 intake.	 So,	we	 excluded	 all	
respondents	for	whom	total	energy	intake	was	lower	than	950	kcal	or	higher	than	6200	
kcal. The final database consisted of 584 cases and 745 controls.
Statistical analysis
We	used	Chi2 test to find statistically significant differences between the cancer cases and 
control	group	in	data	expressed	as	categorical	variables.	Distributions	of	intake	of	energy	
and	all	nutrients	were	examined	to	have	normal	distribution	by	mean	of	Shapiro-Wilk	
test.	Because	of	lack	of	normality	in	distribution	of	nutritional	variables,	in	addition	to	
means	and	standard	deviations,	median	and	quartile	deviations	were	used	 to	describe	
pattern	of	dietary	intake	of	nutrients.	Since	the	intake	of	nutrients	depends	on	the	body	
size	and	physical	activity,	intake	of	all	nutrients	was	expressed	as	nutrient density	(per	
1000	kcal	of	energy	intake).	
Nutrient density = 1000 * [total nutrient intake] / [energy intake]
Median	values	of	 energy	 and	nutrients	 in	 colorectal	 cancer	 group	were	 compared	
with	median	values	in	control	group	by	Mann-Whitney	test.	
Intake of energy, fiber, alcohol and ballast substances were divided into three catego-
ries (tertiles) according to their distribution in the control group. Low intake of specified 
nutrient was described as intake of nutrient below the first tertile, medium intake was 
defined as intake higher than the first tertile but lower than the second one, and the high 
intake	as	that	above	the	second	tertile.
Risk	assessment	analysis	for	colorectal	cancer	was	based	on	calculation	of	odds	ratio	
using univariate logistic regression model. For the analysis of impact of energy, fiber, 
alcohol	and	ballast	substances	the	lowest	intake	was	used	as	a	reference	category.	
All	statistical	analyses	were	performed	using	the	SPSS	v14.0	software.	Testing	for	
statistical significance was based on 5% level of significance.
results
The	study	group	consisted	of	584	colorectal	cancer	cases	and	745	controls.	For	the	whole	
population,	ages	ranged	from	18	to	75	years.	Table	10.1	presents	the	cross-tabulation	of	
cases	and	controls	by	gender,	age,	education,	place	of	residence,	place	of	birth,	smoking	
habit,	BMI,	and	leisure	time	physical	activity.	There	were	less	females	among	the	cases	
(44.5%)	than	in	the	control	group	(47.7%).	Lower	percentage	of	cases	were	living	in	the	
big	city	(48.1%	vs	65.2%	in	controls)	and	more	cases	than	controls	were	born	in	rural	
areas	(50.0%	vs	39.6%).	Slightly	more	cases	were	overweight	and	obese	people.	Cases	
were	less	active	in	their	leisure	time	than	controls	–	65.8%	of	cases	and	60.7%	of	con-
trols	declared	no	elevated	physical	activity	outside	the	working	hours.	
Daily intakes of energy, fiber, ballast substances and alcohol were comparable in both 
cases	and	controls	(Table	10.2).	Higher	alcohol	consumption	was	observed	in	the	cancer	
patients	group.
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Univariate risk assessment analysis (Table 10.1) did not show statistically significant 
impact	of	gender	on	colorectal	cancer	occurrence.	The	risk	was	found	to	increase	with	
age (OR = 1.62: for group 45–54 year olds, OR = 2.33: 55–64 and OR = 1.71 for older). 
Medium level of education (secondary school) was connected with lower risk (OR = 
0.76; 95% CI: 0.59–0.99) for colorectal cancer. Living in small town (OR = 2.63; 95% 
CI: 1.94–3.57) or in the rural area (OR = 1.70; 95% CI: 1.31–2.20) as well as being born 
in a small town (OR = 1.48; 95% CI: 1.09–2.01) and in the rural area (OR = 1.75; 95% 
CI:	1.37–2.24)	were	found	to	be	important	risk	factors.	Extensive	physical	activity	in	the	
leisure time (> 14 hours per week) was found to be strong protective factor (OR = 0.66; 
95% CI: 0.47–0.93). Overweight had impact on (OR = 1.34: 95% CI: 1.04–1.72) on the 
occurrence	of	colorectal	cancer,	as	opposed	to	smoking.
Medium intake of energy increased the risk of colorectal cancer (OR = 1.37; 95% 
CI: 1.06–1.77), and highest intake was associated with lower risk (OR = 0.72; 95% CI: 
0.54–0.95). Similarly, medium intake of fiber was found to increase the risk of colorectal 
cancer (OR = 1.34; 95% CI: 1.03–1.73) as did medium intake of alcohol (0.45–2.92 g of 
pure alcohol per day) (OR = 1.39; 95% CI: 1.06–1.82) and intake above 2.92 g of pure 
alcohol daily was also found to be a risk factor (OR = 1.30), but this result was statisti-
cally insignificant (95% CI: 0.99–1.70). The results of our study did not confirm statisti-
cally	 important	 impact	of	ballast	substances	 intake	on	the	colorectal	cancer	 incidence	
–	Table	10.2.	
Nutrients	intake	analyses	were	based	on	density	calculations.	In	the	multivariate	re-
gression	models	we	included	covariates,	such	as	demographic	variables,	which	showed	
statistically	important	impact	on	colorectal	cancer	occurrence	in	the	univariate	logistic	
regression models: gender, age (< 55; 55+), place of residence (city over 100 000 inhab-
itants	vs.	small	town	and	rural	area);	smoking	status	(never-;	ex-	and	current	smoker)	and	
leisure	time	physical	activity	(none;	up	to	7	h/week;	>	7	h/week).	
Macronutrients.	Median	intakes	of	protein,	total	fat	and	carbohydrates	(expressed	as	
density – per 1000 kcal) were similar in both groups and without statistically significant 
differences	(Table	10.3).	
Fats. Energy-adjusted	median	intakes	of	saturated,	mono-	and	poliunsaturated	fatty	
acids,	linolic	acid	and	cholesterol	were	higher	in	the	control	group.	However,	we	have	
found no statistically significant differences between the cases and control group with 
respect	to	the	intake	of	fatty	acids	(Table	10.4).
Carbohydrates. Intake	of	carbohydrates	(standardized	for	energy)	was	lower	(median	
values)	in	the	cases	than	in	the	control	group	but	the	differences	were	not	statistically	sig-
nificant. Analysis of different carbohydrates intake in cases and controls showed higher 
median	 intake	 of	 polysaccharides	 in	 cases	 (55.81	 g/1000	 kcal)	 than	 in	 control	 group	
(52.31	g/1000	kcal)	(Table	10.5).
Vitamins. Similar	 intakes	of	 fat-soluble	and	water-soluble	vitamins	were	 found	 in	
cases	and	control	group	(Tables	10.6	and	10.7).
Minerals. There were no statistically significant differences between cases and con-
trols	in	the	intake	of	calcium,	phosphorus,	iron,	and	NaCl	–	Table	10.8.	
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Table 10.1. Demographic characteristics of the colorectal cancer cases and controls from the case-control 
study 2000–2008
Cases 
(N = 584 )
Controls 
(N = 745) OR* 95% CI*
N % N %
Gender:
   Females
   Males
260
324
44.5
55.5
355
390
47.7
52.3
1.00
1.13
–
0.91–1.41
Age:
   < 45
   45–54
   55–64
   ≥ 65
52
153
237
142
8.9
26.2
40.6
24.3
117
212
229
187
15.7
28.5
30.7
25.1
1.00
1.62
2.33
1.71
–
1.10–2.39
1.60–3.38
1.15–2.53
Education#:
   Elementary
   Secondary
   Bachelor/University
245
163
176
42.0
27.9
30.1
338
221
185
45.4
29.7
24.9
1.00
0.76
0.78
–
0.59–0.99
0.58–1.04
Place of residence: 
   City over 100 000 inhabitants
   Small town
   Rural area
281
137
166
48.1
23.5
28.4
486
90
169
65.2
12.1
22.7
1.00
2.63
1.70
–
1.94–3.57
1.31–2.20
Place of birth: 
   City over 100 000 inhabitants
   Small town
   Rural area
175
117
292
30.0
20.0
50.0
310
140
295
41.6
18.8
39.6
1.00
1.48
1.75
–
1.09–2.01
1.37–2.24
Smoking:
   Never smoker
   Ex-smoker
   Current smoker
257
170
157
44.0
29.1
26.9
316
181
248
42.4
24.3
33.3
1.00
1.16
0.78
–
0.89–1.51
0.60–1.01
BMI#:
   Underweight or normal weight
   Overweight
   Obesity
174
263
146
29.8
45.1
25.0
260
294
184
35.2
39.8
24.9
1.00
1.34
1.19
–
1.04–1.72
0.89–1.58
Physical activity (leisure):
   lack of activity
   ≤ 7 h/week
   7.01–14 h/week
   > 14 h/week
384
80
59
61
65.8
13.7
10.1
10.4
452
120
64
109
60.7
16.1
8.6
14.6
1.00
0.79
1.09
0.66
–
0.57–1.07
0.74–1.59
0.47–0.93
* OR – odds ratio; 95% CI – 95% confidence interval for OR.
# Missing values: 1 for education in the control group; 8 for BMI (7 in control group and 1 among cases).
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Table 10.2. Total intakes of energy, fiber, ballast substances and alcohol consumption in colorectal cancer 
cases and controls (2000–2008)
Cases 
(N = 584 )
Controls 
(N = 745) OR* 95% CI*
N % N %
Total energy intake [kcal/day]‡
   ≥ 1861.10
   > 1861.10–2601.60
   > 2601.60
189
259
136
32.4
44.3
23.3
248
249
248
33.3
33.4
33.3
1.00
1.37
0.72
–
1.06–1.77
0.54–0.95
Total fiber intake [g/day]‡
   ≤ 3.66
   > 3.66–5.22
   > 5.22
188
252
144
32.2
43.2
24.7
248
249
248
33.3
33.4
33.3
1.00
1.34
0.77
–
1.03–1.73
0.58–1.01
Ballast substances intake [g/day]‡
   ≤ 14.43
   > 14.43–20.37
   > 20.37
198
223
163
33.9
38.2
27.9
248
249
248
33.3
33.4
33.3
1.00
1.12
0.82
–
0.87–1.46
0.63–1.08
Alcohol intake [g/day]‡
   ≤ 0.45
   > 0.45–2.92
   > 2.92
158
221
205
27.1
37.8
35.1
248
249
248
33.3
33.4
33.3
1.00
1.39
1.30
–
1.06–1.82
0.99–1.70
* OR – odds ratio; 95% CI – 95% confidence interval for OR.
‡ In tertiles based on controls.
Table 10.3. Mean and median intakes (adjusted for energy) of micronutrients for colorectal cases and 
controls (2000–2008)
Standardized intakes Cases (N = 584 )
Controls 
(N = 745)
p value for  
Mann-Whitney test
Protein Mean 39.57 39.76 0.917
[g/1000 kcal] SD 5.54 6.21
Median 39.49 39.35
(Q3–Q1)/2 3.43 3.70
Fat – total Mean 40.57 41.24 0.066
[g/1000 kcal] SD 5.62 6.10
Median 40.84 41.32
(Q3–Q1)/2 3.58 4.02
Carbohydrates Mean 102.19 101.27 0.491
[g/1000 kcal] SD 16.27 18.31
Median 102.39 102.11
(Q3–Q1)/2 10.68 12.20
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Table 10.4. Mean and median intakes (adjusted for energy) of fat and fatty acids for colorectal cancer 
cases and controls (2000–2008)
Standardized intakes Cases (N = 584 )
Controls 
(N = 745)
p value for  
Mann-Whitney test
Fat – total Mean 40.57 41.24 0.066
[g/1000 kcal] SD 5.62 6.10
Median 40.84 41.32
(Q3–Q1)/2 3.58 4.02
Saturated fatty acids Mean 15.79 15.97 0.293
[g/1000 kcal] SD 2.74 2.84
Median 15.64 15.88
(Q3–Q1)/2 1.87 1.93
Monounsaturated Mean 14.20 14.54 0.060
fatty acids SD 2.38 2.74
[g/1000 kcal] Median 14.20 14.41
(Q3–Q1)/2 1.61 1.80
Linolic acid Mean 4.33 4.37 0.519
[g/1000 kcal] SD 0.89 0.96
Median 4.22 4.26
(Q3–Q1)/2 0.53 0.65
Linoleic acid Mean 0.62 0.62 0.872
[g/1000 kcal] SD 0.08 0.09
Median 0.62 0.62
(Q3–Q1)/2 0.05 0.05
Polyunsaturated fatty Mean 5.57 5.64 0.371
acids SD 1.00 1.10
[g/1000 kcal] Median 5.48 5.50
(Q3–Q1)/2 0.62 0.77
Cholesterol Mean 196.41 192.49 0.190
[mg/1000 kcal] SD 45.17 47.41
Median 189.49 189.93
(Q3–Q1)/2 27.39 28.74
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Table 10.5. Mean and median intakes (adjusted for energy) of carbohydrates for colorectal cancer cases 
and controls (2000–2008)
Standardized intakes Cases(N = 584 )
Controls
(N = 745)
p value for  
Mann-Whitney test
Carbohydrates Mean 102.19 101.27 0.491
[g/1000 kcal] SD 16.27 18.31
Median 102.39 102.11
(Q3–Q1)/2 10.68 12.20
Monosaccharides Mean 12.10 12.26 0.550
[g/1000 kcal] SD 5.43 5.66
Median 10.79 11.17
(Q3–Q1)/2 3.44 3.28
Disaccharides Mean 32.73 33.97 0.112
[g/1000 kcal] SD 13.26 14.25
Median 31.61 32.54
(Q3–Q1)/2 8.76 9.23
Polysaccharides Mean 55.90 53.44 0.001
[g/1000 kcal] SD 13.26 14.13
Median 55.81 52.31
(Q3–Q1)/2 8.59 9.41
Fiber Mean 2.11 2.07 0.310
[g/1000 kcal] SD 0.70 0.73
Median 1.99 1.97
(Q3–Q1)/2 0.44 0.45
Table 10.6. Mean and median intakes (adjusted for energy) of fat-soluble vitamins for colorectal cancer 
cases and controls (2000–2008)
Standardized intakes Cases (N = 584 )
Controls 
(N = 745)
p value for  
Mann-Whitney test
Retinol equivalent Mean 0.60 0.61 0.849
[mg/1000 kcal] SD 0.30 0.38
Median 0.51 0.51
(Q3–Q1)/2 0.14 0.15
Retinol Mean 0.41 0.43 0.698
[mg/1000 kcal] SD 0.29 0.37
Median 0.31 0.31
(Q3–Q1)/2 0.13 0.15
Carotene Mean 1.38 1.29 0.231
[mg/1000 kcal] SD 0.94 0.74
Median 1.14 1.10
(Q3–Q1)/2 0.36 0.40
Vitamin E Mean 4.50 4.32 0.347
[mg/1000 kcal] SD 1.84 1.48
Median 4.08 4.02
(Q3–Q1)/2 0.85 0.86
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Table 10.7. Mean and median intakes (adjusted for energy) of water-soluble vitamins for colorectal cancer 
cases and controls (2000–2008)
Standardized intakes Cases (N = 584 )
Controls 
(N = 745)
p value for  
Mann-Whitney test
Vitamin B1 Mean 0.59 0.61 0.320
[mg/1000 kcal] SD 0.11 0.15
Median 0.59 0.59
(Q3–Q1)/2 0.07 0.04
Vitamin B2 Mean 0.76 0.77 0.567
[mg/1000 kcal] SD 0.15 0.17
Median 0.75 0.75
(Q3–Q1)/2 0.09 0.10
Vitamin PP Mean 15.52 15.56 0.892
[mg/1000 kcal] SD 2.38 2.65
Median 15.41 15.30
(Q3–Q1)/2 1.46 1.62
Vitamin C Mean 43.01 42.85 0.845
[mg/1000 kcal] SD 22.54 22.76
Median 36.57 37.22
(Q3–Q1)/2 12.92 13.85
Table 10.8. Mean and median intakes (adjusted for energy) of mineral components and salt for colorectal 
cancer cases and controls (2000–2008)
Standardized intakes Cases (N = 584 )
Controls 
(N = 745)
p value for  
Mann-Whitney test
Calcium Mean 0.33 0.33 0.797
[g/1000 kcal] SD 0.11 0.12
Median 0.31 0.31
(Q3–Q1)/2 0.07 0.07
Phosphorus Mean 0.79 0.80 0.872
[g/1000 kcal] SD 0.12 0.13
Median 0.78 0.78
(Q3–Q1)/2 0.07 0.08
Iron Mean 6.54 6.59 0.312
[mg/1000 kcal] SD 0.99 1.08
Median 6.40 6.50
(Q3–Q1)/2 0.62 0.64
NaCl Mean 7.51 7.21 0.555
[g/1000 kcal] SD 2.65 2.58
Median 7.17 6.68
(Q3–Q1)/2 1.45 1.43
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Summary
The	analysis	of	data	obtained	from	case-control	study	for	the	years	2000–2008	on	the	
impact	of	energy	and	nutrients	intakes	on	colorectal	cancer	occurrence	showed	as	fol-
lows:
1.	 Higher	risk	of	colorectal	cancer	is	age-related.
2.	 Higher	educated	subjects	 (secondary	school)	had	 lower	 risk	of	colorectal	can-
cer.
3.	 Demographic	and	life-style	factors	associated	with	higher	risk	of	colorectal	can-
cer	were	being	overweight	as	well	as	living	and	being	born	in	a	small	town	or	in	
the	rural	area.
4.	 Rigorous	physical	activity	(>	14	hours	per	week)	had	a	protective	effect.
5. Medium intake of total energy and fiber were assessed to be risk factors, how-
ever,	the	highest	intake	of	energy	seemed	to	play	a	protective	role.	
6.	 Harmful	effect	of	medium	level	of	alcohol	intake	(1.06–2.92	g	of	pure	alcohol	
per	day)	was	observed.
7.	 The	intakes	(energy	standardized)	of	fat,	fatty	acids,	and	cholesterol	were	similar	
in	cases	and	controls.
8.	 Higher	intake	of	energy-standardized	polysaccharides	was	observed	among	the	
cases than in the controls (p = 0.001).
9. No statistically significant differences between the study groups were found for 
the	intakes	of	fat-	and	water-soluble	vitamins.
10.	There	were	no	differences	between	colorectal	cancer	cases	and	control	group	in	
energy-standardized	intake	of	calcium,	phosphorus,	iron	and	salt.
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